Autophagy modulates amino acid signaling network in myotubes: differential effects on mTORC1 pathway and the integrated stress response.
Induction of autophagy and the integrated stress response is important for amino acid homeostasis. It remains unknown whether the autophagy coregulates both mechanistic target of rapamycin complex 1 (mTORC1) signaling and the integrated stress response. In mouse C2C12 myotubes, we found that amino acid limitation induced autophagy and that the subsequent release of amino acid is required to sustain mTORC1 signaling. Inhibition of autophagy by bafilomycin A1 or chloroquine treatment during amino acid scarcity abolished mTORC1 signaling, an effect that could be rescued by inhibiting protein synthesis or amino acid supplementation, respectively. Autophagy is required to sustain the balance of both essential and nonessential amino acids during amino acid starvation, and it has a predominant role over the ubiquitin-proteasome system in the regulation of mTORC1. Inhibition of autophagy was found to activate the integrated stress response, as well as eukaryotic initiation factor 2α (eIF2α) and its target genes independent of amino acid availability. Conversely, autophagy induction via mTOR inhibition is sufficient to reduce eIF2α phosphorylation. Thus, autophagy protects the eIF2α-mediated stress response independent of amino acid supply in cultured myotubes. Our results showed that autophagy uniquely modulates mTORC1 and the integrated stress response in an amino acid-dependent and -independent manner, respectively.